Introduction
The human leukocyte antigen (HLA) class I and II are the most polymorphic gene clusters in the human genome. They play an important role in presenting antigenic peptides to CD4 + and CD8 + T lymphocytes that induce immune responses. HLA cluster includes six classical genes and encodes at least 132 proteins, which have multiple functions in the regulation of immune responses (1) .
Remarkable extent of the allelic diversity at these loci has been revealed over the past decades by molecular genetic analyses using various techniques. Sequence polymorphism in the antigen binding domains of the HLA molecules defines the repertoire of peptides that can be presented and are able to regulate immune responses (2) . According to the ImMunoGeneTics (IMGT)/HLA database (http://www. ebi.ac.uk/imgt/hla/), 16429 HLA alleles have been introduced from different populations throughout the world (3) .
In spite of the wide use of various types of genetic markers, allelic frequency distributions of the HLA class I and II loci and their linkage disequilibrium patterns continue to be regarded as valuable markers for the determination of genetic relatedness between different populations (4) . High diversity of the HLA alleles and haplotypes is widely used to explore and validate the origins and migration of various human populations (5-7). In addition, some populations have specific frequencies of HLA-A, B, C and DR alleles that are important to distinguish the genetic structure between closely related ethnic groups. Moreover, knowledge of this genetic system is helpful in organ and hematopoietic stem cell transplantation, vaccine development, anthropological studies, and disease association (8) .
Iran is one of the oldest countries in the world and has an ancient history of about 3500 years. Over the past times, Iran has seen many invasions and has had several periods of expansion. Iran is located in south-western Asia, with a population of over 75 million individuals and a vast common border with neighboring countries. Iran has borders with the Republic of Armenia, Azerbaijan, Turkmenistan, Turkey, Iraq, Afghanistan and Pakistan. Iranian ancestors were of Caucasian origin, but Arab and subsequent Mongol and Tatar invasions, each left its own imprint on the development of different populations in this country (9) . Therefore, in the phylogenetic tree, Iranians are considered as a highly mixed population of Caucasian origin. Because of several invasions and immigrations from neighboring countries, there exist diverse ethnic and tribal groups such as Persian, Turk, Kurd, Arab, Turkmen, Baloch and Lur in Iran (10) (11) (12) (13) .
Ethnic diversity of Iranian population had a strong influence on the HLA frequencies in different regions. In previous studies, HLA allele frequencies have been reported for different regions of Iran (14) (15) (16) (17) (18) (19) . Although Northeast of Iran is of considerable interest, due to its vast territories of exceptional variety, limited information is available on the distribution of HLA alleles from this region.
Mashhad is located in the Northeast of Iran, and is the second most crowded city in the country. It is close to the borders of Turkmenistan and Afghanistan, and is located along the Silk Road. Over the history, the city has experienced some invasions, which brought about great changes in its ethnic composition. Most inhabitants in Mashhad are Persian. However, there also exists a great mixed population in the city.
Therefore, the present study was undertaken to establish the Iranian HLA class I and II gene profile on a large population sample living in Mashhad, Khorasan Razavi province, Northeast of Iran.
Materials and Methods

Population and sample preparation
A total number of 500 healthy adults (248 men with a mean age of 35.2614.79 years and 252 women with a mean age of 33.1315.01 years), living in the city of Mashhad, Khorasan Razavi province, Northeast of Iran participated in this study. Intravenous blood samples (5-10 ml) were drawn and collected in EDTA tubes. Peripheral blood mononuclear cells (PBMCs) were separated from peripheral blood by density gradient centrifugation over Ficoll-hypaque (Biosera, UK) and were washed three times with Hank's buffered solution (HBSS).
HLA class I and II typing using SSP-PCR method
Genomic DNA was extracted from PBMCs using a QIAamp Blood Kit (QIAGEN, GmbH) according to the manufacturer's protocol. DNA samples were quantified spectrophotometrically at 260 nm and then stored at -70 °C. The HLA-A, B and HLA-DRB1 alleles of each sample were determined using a low resolution sequence specific primer polymerase chain reaction (SSP-PCR) technique (Inno-Train, Germany). SSP-PCR is a molecular HLA typing method that is widely used for the determination of HLA class I and II alleles. The PCR reactions were carried out in 10 µl volumes. Samples were first denatured at 96 °C for 2 min, followed by 10 
Results
HLA class I and II allele frequencies
In the present study, we reported the results of HLA class I and II genotyping of 500 healthy adults living in the city of Mashhad, Northeastern Iran.
We detected a total number of 14 and 24 alleles in HLA-A and B loci, respectively. As presented in Table 1 , the most frequent HLA class I alleles were A*02 (20.9%), A*01 (11.5%), B*35 (16.4%) and B*51 (9.2%), while, the least frequent alleles were A*69 (0.55%), and B*46 (0.1%). Among total HLA-class I alleles, the most prevalent allele in the studied subjects of Iranian population was HLA-A*02.
In HLA class II alleles, we identified 10 alleles in HLA-DRB1 loci ( Table 1 ). The two most common HLA class II alleles were DRB1*15 (20.0%) followed by DRB1*13 (16.2%), and the least frequent alleles were DRB1*09 (1.25%) and DRB1*16 (1.25%).
Discussion
The distribution of HLA alleles and haplotypes varies significantly in different populations, which may widen our horizon on the evolution of HLA polymorphism as well as on the origin and migration of human populations. In the present study, we evaluated the allele frequency of HLA-A, B and DRB1 genes in a normal population living in the city of Mashhad, Khorasan Razavi province, Northeastern Iran. This is the first comprehensive analysis of HLA class I and II genes in this population and the obtained results indicate extensive HLA diversity and some genetic similarities with other ethnic groups of Iran (14, 21, 22) . In 500 individuals genotyped, we detected the HLA A*02 (20.9%), B*35 (16.4%), and DRB1*15 (20.0%) as the most frequent alleles for HLA class I and II respectively. In HLA-A locus, A*02, A*01, A*11, A*03 and A*24 represented 65% of the gene frequencies; in HLA-B locus, B*35, B*51, B*18, B*38, B*50 and B*41 accounted for more than 54 percent of the gene frequencies, while in HLA-DRB1 locus, DRB1*15, DRB1*13, DRB1*11, DRB1*07 and DRB1*04 represented 78% of gene frequencies.
Some investigators have previously characterized the HLA class I and II polymorphisms in different regions of Iran (14) (15) (16) (17) (18) (19) (21) (22) (23) (24) (25) . In agreement with the results of the present study in most of the surveys, HLA-A*02 showed the highest prevalence in HLA-A allele, whereas in HLA-B locus, B*35 was the most frequent one (14, 16, 17 21, 24) .
In contrast to HLA class I alleles, studies concerning the distribution of HLA-DRB1 in Iranian people showed some differences in this locus. We identified DRB1*15 as the most prevalent allele, although in several studies HLA-DRB1*11 was reported as the most prevalent one (15, 17-18, 21, 23-27) , while some others reported DR2 (28) , and DRB1*07 (29) as more frequent alleles. Interestingly in most of the studies DRB1*15 was reported as the second most prevalent HLA-DRB1 allele in Iranian population ( 18, 19, 21, 23, 27) .
Iranians are considered to have Caucasians origin, but diverse ethnic and tribal groups such as Persian, Turk, Kurd, Arab, Turkmen, Baloch and Lur live in Iran (25, 30) . Some authors studied the allele frequency of HLA-DRB1 alleles in different ethnic groups living in Iran, and showed evident diversity in the distribution of DRB1 in these populations. In the Baloch ethnic group living in the southeast of Iran, DRB1*03 (16, 25) and DR2 (17) , in Famoori Arabs living in Fars province in south of Iran, DRB1*03 (25) and in Khuzestani Arabs living in Ahvaz in southwest of the country, DRB1*07 (25) were reported as the most common alleles, while in Zoroastrian ethnic groups living in Yazd in the center of Iran, DRB1*07 (25) showed the highest frequency.
Mashhad is located in the Northeast of Iran and has a very mixed population in comparison to the other parts of Iran. Mashhad is a city with many immigrants. In addition, millions of travelers and pilgrims visit the city annually from both inside and outside of the country (from Afghanistan, Pakistan, Azerbaijan, Turkmenistan and Arabic countries from Middle-East). Considering the highly mixed population living in Mashhad, the diversity in the distribution of HLA-DRB1 alleles, which we detected, was not unexpected.
In our study, HLA-DRB1*08 and DRB1*12 alleles were not detected in any of the participants, and DRB1*09 and DRB1*16 showed frequency of 1.25%. Interestingly in almost all previously published studies, in agreement with our results, DRB1*08, DRB1*09 and DRB1*12 were reported as the alleles with the lowest frequency in Iranian population (15, 16, 18, 19, 21, 23-25, 27, 29) .
In general, according to the results of this study and those of the others, it can be concluded that Iranian people are highly mixed population, and although all different ethnic inhabitants have some shared relatedness or origin, there exists some diversity in the distribution of HLA-DRB1, which requires further investigation.
Nonetheless, this study was not without limitations. Participants of the study, for instance, were all borne and lived in Mashhad, but we did not have access to any data regarding the preceding generation of the study participants.
Conclusion
On the basis of our results, Iranian individuals living in Mashhad demonstrated some genetic similarities with the other Iranians in HLA Class I loci. Nevertheless, considering the highly mixed population living in Mashhad, some differences in HLA-DRB1 polymorphisms that we detected were to be expected. Further differential studies in each subpopulations living in Mashhad and other parts of the province will provide more information about the impact of immigration, past history and environmental forces on the genetic makeup of this population.
